Background Child marriage (<18 years) and school drop-out disproportionately affect girls living in impoverished households in rural areas, with long-term economic and health consequences. Improving retention in education, and delaying age at marriage and first pregnancy have received substantial attention at the national and global level, in line with the Millennium Development Goals and the Sustainable Development Goals (SDGs) (2015)(2016)(2017)(2018)(2019)(2020)(2021)(2022)(2023)(2024)(2025)(2026)(2027)(2028)(2029)(2030).
Results At the national and state level, we found large improvements in secondary educational attainment among girls and boys living in rural settings (proportion of adolescents completing age-appropriate secondary school education (all India): girls 12.4% 2002/3 vs. 31.6% 2015/6; boys 18.9% 2002/4 vs. 36.8% 2015/6). We also observed large reductions in child marriage and early child-bearing rates (proportion of married women aged 18-24 years married <18 years: 62.4% 2002/4 vs. 23 .8% 2015/6; proportion of married girls aged <19 years who are pregnant or have children: 62.4% 2002/4 vs. 21 .9% 2015/6). In addition, we found evidence of "clustered deprivations", whereby girls in rural areas from the poorest families and lowest castes continue to experience multiple forms of disadvantage, with child marriage significantly associated with scheduled caste / scheduled tribe (SC/ST) caste (odds ratio (OR)=1.25, 95% confidence interval (CI)=1.18-1.32), poorest quintile (OR=2.38, 95% CI=2. 21-2.55 ) and illiteracy (OR=2.09, 95% CI=1.95-2.23); and not completing secondary education significantly associated with SC/ST caste (OR=1.52, 95% CI=1.45-1.59), poorest quintile (OR=4.17, 95% CI=3.90-4.46), and child marriage (OR=2.05, 95% CI=1.85-2.26).
The past 15 years have seen rapid progress towards universal primary education, with narrowing gender gaps and increased opportunities for disadvantaged groups (12) . Globally, the adjusted net enrolment rate in primary education among primary-aged children grew from 83% in 2000 to 90% in 2011 (13) . However, 57 million children still need to be reached to achieve universal primary school access (13) . Nonetheless, following improvements in primary education access, the policy focus is shifting to improving parity in access and completion of quality secondary school education (12) . Access to education is one of the strongest determinants of adolescent health (14) . Quality secondary school education is causally associated with a range of positive economic and health outcomes, including improved livelihood and economic options, improved nutrition, improved ability to control fertility, reduced HIV and STI infection, reduced intimate partner violence (IPV), and improved maternal and child survival rates (11, (14) (15) (16) (17) . Indeed, improvements in education among women of reproductive age was associated with a halving (51.2%) of global child mortality rates between 1970 and 2009 (16) .
Drop-out from school is usually the result of a process, rather than a single event, with more than one proximate cause (18) . Similar to child marriage, rural location, poverty and gender norms are key determinants globally of school drop-out, with girls disproportionately affected (18, 19) . Poverty and the critical need for child labour can lead to frequent absenteeism and subsequent withdrawal from school, especially if children fall behind academically (18, 20) . Among families with limited resources, investment in boys' education is often prioritised, fuelled by the belief that investment in girls is lost once they marry and move to their spouse's home. (20, 21) . In India, secondary school drop-out is also linked to menarche, with concerns around sexual purity and family honour leading to restriction of girls' mobility and withdrawal from school (9, 20) . Girls from scheduled castes and scheduled tribes (SC/ ST) -the lowest castes in the Hindu caste system -living in rural areas, can be particularly at risk. These families are usually the most impoverished and marginalised. Dwellings are often located outside main villages, for example in the agricultural fields, presenting additional economic and distance/ time-related barriers to accessing education.
Conclusions
The results show substantial improvements in economic, educational and child marriage indicators at the state and national level over the past 14 years. The government has implemented multiple programmes and policies to address child marriage and school drop-out, and these trends suggest such efforts may be having a positive impact. If India is to achieve the SDGs, designing targeted interventions to reach those who continue to be left furthest behind is going to be key.
Over the past 15 years, India has experienced substantial improvements in economic growth, with rapid development and expansion of major cities. Internet and mobile phone availability in rural and urban settings has increased exponentially. Additionally, state and national governments have introduced a range of legislative and policy changes, as well as programming designed to address child marriage and improve educational outcomes. This includes the Prohibition of Child Marriage Act (2006) (22) , which made marrying a female minor, conducting a marriage that involves a minor and permitting your child to be married as a minor, illegal and punishable by law (jail or fine). In addition, The Right of Children (aged 6 to 14 years) to Free and Compulsory Education Act (2009) (23), effectively removed primary and lower secondary school fees. There have also been national campaigns promoting gender equality and girls' education, the most notable of which are the nationwide "Beto Bachao Beti Padhao (save your daughter, educate your daughter)" programme launched in 2015. Economic schemes designed to support students in government and government-aided schools to remain in school have also been implemented, such as free midday meals, free bicycles, free school uniforms, and scholarships for children from SC/ST families (24) .
In 2013-2017, we conducted a cluster-randomized controlled trial (RCT) in two rural districts in north Karnataka, south India, to evaluate Samata, a multi-level structural and social norms intervention designed to reduce child marriage and secondary school drop-out among SC/ST adolescent girls (23, 25) . At trial end, we found no impact on child marriage or girl retention in secondary school education, and child marriage and school drop-out rates at trial end were far lower than we anticipated (based on district level data available at the start of the trial) in both the intervention and comparison communities (26) . We hypothesised that this may have been due to changes in secular trends regarding economic indicators, school retention and child marriage but were not able to find studies which used representative data from after 2005, at the district, state or national level, to support this. We undertook the current analyses to understand the broader context within which this trial took place. Specifically we wanted to examine (i) levels and trends in economic, marriage, sexual and reproductive health and education indicators among rural adolescent girls over the past 15 years; (ii) levels and trends in education indicators among rural adolescent boys; (iii) if trends observed in northern Karnataka were also seen across the state, and India as a whole; and (iv) key social factors associated with education and marriage outcomes among rural adolescent girls.
METHODS
We undertook secondary analysis of pre-existing, nationally-representative datasets from three rounds of India's District Level Household and Facility Surveys (DLHS) conducted from 2002 to 2013 (DLHS-2 in 2002-04, DLHS-3 in 2007-08, DLHS-4 in 2012-13), and the most recent round of the National Family Health Survey (NFHS) conducted in 2015-16 (NFHS-4), to estimate trends in economic, marriage, sexual and reproductive health indicators, as well as education-related indicators among rural adolescents. We chose these surveys for the analysis as they are conducted periodically and provide estimates on reproductive and child health programme indicators at national and sub-national levels across India. Both the DLHS and NFHS-4 surveys employ a similar systematic, multi-stage stratified sampling scheme, whereby villages in rural areas and Census Enumeration Blocks in urban areas were the primary sampling units (PSU) and were selected using a probability proportional to size (PPS) methodology. The required number of households within each PSU were then selected randomly using a systematic random sampling methodology. The use of such a multistage sampling approach helps ensure the representativeness of the sample and avoids selection bias. Survey weights were used to adjust for non-response and the multistage stratified sampling design, in order to make the estimates representative at the state and district levels. The DLHS and NFHS-4 surveys were implemented by the Ministry of Health and Family Welfare (MoHFW) through the International Institute for Population Sciences (IIPS) as a lead agency along with other national and international development partners.
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The DLHS (2002 to 2013) provides estimates on household socio-demographic indicators, along with maternal and child health programme indicators, across every district in India. However, the DLHS-IV survey (2012-13) did not collect data from eight of the poorest performing states in India as data from these states were collected using a different survey. The NFHS surveys were meant to provide state and national level estimates only, but, the latest survey round (NFHS-IV, 2015-16), also provided estimates at the district level, and thereby replaced the DLHS and thus were included in the current analysis. Additional detail on the purpose, survey design, methodology, and results are available elsewhere (27) .
For both surveys (DLHS and NFHS-IV), interviews were conducted with ever-married women (aged 15-49 years) for the ''women's questionnaire" and with any adult family member (aged 18+ years) for the ''household questionnaire". We used information from the women's questionnaire to obtain child marriage, co-habitation, child-bearing and mothers' literacy rates. Data from the household questionnaire contained relevant information on socio-economic characteristics of the household and educational attainment details of household members (including adolescents).
All analyses were carried out using STATA version 14.0 (Stata Corporation, College Station, TX, USA). To examine changes in the levels and trends in economic, marriage, sexual and reproductive health and education indicators among rural adolescents, we used individual and household level data from the 4 surveys and conducted weighted analyses (using the state and district level weights available with the dataset) for nine rural districts in northern Karnataka (as these are the most disadvantaged districts in Karnataka state (28)), all districts in Karnataka, and all districts across India, and stratified analyses based on gender and caste. Results are presented in the form of weighted crude percentages.
To examine current associations between education / marriage outcomes among adolescent rural girls and key social factors (caste, wealth, literacy, marriage) we conducted cross-sectional analyses at the state and national level using data from the most recent survey round (NFHS-4) using logistic regression. Results are presented in the form of crude odds-ratio (OR) and 95% confidence intervals. We did not adjust these analyses for confounding factors as the purpose of this analysis was to understand which social factors were associated with school drop-out and child marriage.
RESULTS

Secular changes in economic indicators
We examined 6 economic indicators among SC/ST and non-SC/ST rural households over a 14-year period (2002-2016) . In northern Karnataka, we found a dramatic step-wise increase in the proportion of rural households with electricity (79.8% vs. 97.0%), phone access (landline or mobile) (6.4% vs. 86.9%), and any of 3 assets (TV, fan, refrigerator) (33.2% vs. 81.5%); this was true both for non-SC/ST and for SC/ST households. These trends were also seen across Karnataka state and India ( Table 1) . Likewise, although not always directly linear, there was a dramatic increase between 2002/3 and 2015/6 in the proportion of rural households in northern Karnataka who use clean fuel for cooking (8.9% vs. 17.6%), who have use of a toilet facility (8.6% vs. 21.6%), and who live in a house fully or partially constructed with solid building materials (pucca or semi-pucca) (76.6% vs. 94.0%), with these increases seen for both non-SC/ST and SC/ST households. However, a higher proportion of non-SC/ST households compared with SC/ST households reported attaining these 6 different economic indicators, reflecting caste disparities in economic attainment. Similar increases and caste disparities were also seen among rural households across Karnataka state and India ( Table 2 and Table 3 ). DLHS II DLHS III DLHS IV  † NFHS IV DLHS II DLHS III DLHS IV  † NFHS IV DLHS II DLHS III DLHS IV  † NFHS IV  2002/3 2007/8 2012/3 2015/6 2002/3 2007/8 2012/3 2015/6 2002/3 2007/8 2012/3 2015/ 
Secular changes in child marriage, cohabitation and child-bearing
There has been a substantial step-wise reduction in the proportion of women aged 18-24 years who were married by 18 years (77.4% vs. 26.7%), and who were married and cohabiting by 18 years (77.4% vs. 25.6%), as well as substantial reductions in the proportion of married adolescent girls (<19 years) who were pregnant or had children (59.9% vs. 5.0%) in rural northern Karnataka between 2002/3 and 2015/6 ( Table 1) . Literacy rates among mothers (15-49 years) significantly improved during this 14-year period (25.0% vs. 44.0%). These improvements were also seen among non-SC/ST and SC/ST females across Karnataka state and India (Tables 2 and 3) . Although the gap is diminishing, caste disparities remain, with rural SC/ST girls having higher rates of child marriage, cohabitation and childbearing, and lower literacy rates, compared with rural non-SC/ST girls. At each of the four-time points, child marriage rates child marriage rates were far higher and maternal literacy rates were far lower in northern Karnataka, compared with Karnataka state and all India ( Table 1) . DLHS II DLHS III DLHS IV  † NFHS IV DLHS II DLHS III DLHS IV  † NFHS IV DLHS II DLHS III DLHS IV  † NFHS IV   2002/3 
Secular changes in educational attainment
There have been dramatic step-wise improvements in educational attainment among boys and girls living in rural areas in northern Karnataka, Karnataka state and India. Educational outcomes have improved substantially among girls, with more than double the proportion of girls living in rural northern Karnataka starting secondary school (12.8% vs. 26.9%), completing secondary school (15.3% vs. 41.5%), and completing higher secondary education (7.6% vs. 26.6%) in 2015/6 compared with 2002/3 ( Table 1) . However, in 2015/6, rural girls from SC/ST households were still less likely to start secondary school (21.4% vs. 31.2%), or complete secondary (36.7% vs. 45.1%) or higher-secondary education (17.9% vs. 33.8%), compared with rural girls from non-SC/ST households (Tables 2 and 3) . These overall improvements in educational attainment, and disparities based on caste, were also seen across Karnataka state and India.
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Similarly, between 2002/3 and 2015/6, there was a dramatic increase in the proportion of boys living in rural areas in northern Karnataka who (i) entered into secondary school (16.7% vs. 25.5%), (ii) completed secondary school (23.0% vs. 41.0%), and (iii) completed higher-secondary education (15.0% vs. 38.4%) ( Table 4 ). Boys from non-SC/ST families had better secondary and higher-secondary completion rates than boys from SC/ST backgrounds ( Table 5 and Table 6 ). These improvements and patterns were also seen among boys living in rural areas across Karnataka state and all India.
Of note, by 2015/6 there was parity in secondary school entry (24.5% vs. 26.9%) and completion (41.0% vs. 41.5%) between rural boys and girls in northern Karnataka, but boys were still more likely to complete higher secondary school education compared with girls (38.4% vs. 26.6%). Similar gender parity in secondary school educational attainment was also seen in the 2015/16 data from all of Karnataka and across India. However, for both girls and boys, DLHS II DLHS III DLHS IV  † NFHS IV DLHS II DLHS III DLHS IV  † NFHS IV DLHS II DLHS III DLHS IV  † NFHS IV  2002/3 rates of secondary school entry and completion remained far lower in northern Karnataka compared with Karnataka state, but rates in northern Karnataka are comparable to all-India estimates ( Table 1 and Table 4 ).
Associations between social factors, marriage and education among rural adolescent girls
To identify which girls remain most at risk of child marriage, we conducted univariate regression analyses using NFHS-4 data (2015/6) from rural Karnataka state ( Table 7) . Compared with girls who were married aged 20-24 years, girls who were married <18 years were significantly more likely to be from the poorest wealth quintile and to be illiterate, with the odds increasing with decreasing age at marriage ( Table 7 ). In addition, there was evidence that marriage aged 16-17 years was more likely among girls from SC/ST castes, but there was no evidence of caste differences in marriage rates for girls married <16 years old. When we repeated these analyses using data from all rural India, we found significant associations between child marriage and SC/ST caste, poverty and illiteracy ( Table 7 ). To identify which girls remain most at risk of not completing secondary school education, we again conducted regression analyses using NFHS-4 data. Across rural Karnataka state, among girls aged 12-14 years, SC/ST caste and being from the poorest quintile were significantly associated with not starting secondary school. Among girls aged 15-17 years and 18-20 years, SC/ST caste, poverty and marriage were significantly associated with not completing secondary school or higher-secondary school, respectively ( Table 8) . These patterns were also found when we repeated these analyses using data from all rural India ( Table 8 ).
DISCUSSION
In this study, we conducted an ecological analysis of pre-existing, nationally representative datasets and found large improvements in household economic indicators and secondary educational attainment, and large reductions in child marriage and early child-bearing rates over the past 15 years, at the district, state and national levels. Not only that, we also found evidence of clustered deprivations, whereby adolescent girls living in rural areas from the lowest castes (SC/ST) and the poorest families, continue to be the most at risk of secondary school non-completion and early marriage. This study adds to the evidence base by using nationally representative data, including those from the most recent survey (2015/6), to document these trends, and to examine intersecting vulnerabilities of the most marginalised girls. These trends in child marriage and secondary school retention have also been noted in other LMICs globally (7, 16, 29) . The findings will be useful for education and health policy makers and implementers seeking to identify those individuals and families who continue to be most at risk, so as to inform new policies and programming to achieve the SDG targets of leaving no one behind.
The improvements in educational attainment over the past 14 years, and the reductions in child marriage and early child-bearing rates, were seen among rural households in northern Karnataka as well as across Karnataka state and India and help explain the low rates of child marriage and secondary school drop-out seen at trial end in the Samata trial (26) . Nonetheless, secondary school non-entry and child marriage rates remain highest among SC/ST girls living in rural northern Karnataka, compared with all of Karnataka and India, suggesting northern Karnataka remains disadvantaged. There have also been substantial economic improvements for rural households across India, with more households living in semi-permanent or permanent dwellings, and increased access to electricity, clean fuel, toilet facilities, and phones. Caste disparities persist with regard to economic indicators, education and marriage rates, and higher secondary school (16-18 years) completion, but gender parity in lower secondary school enrolment and completion has been achieved. This evidence suggests that sustained political will, coupled with legislative and policy changes, appears to have benefited rural young people, within relatively short time-frames.
Despite these successes, there remains a sizeable population still at risk of poor educational outcomes, child marriage and early child-bearing. The current analysis suggests that it is young people (aged 12-20 years) from the poorest households and the lowest castes (SC/ ST) that are most at risk of not starting or completing secondary school, marrying early and bearing children during adolescence. Identifying and supporting these girls-those who experience multiple forms of clustered disadvantage-will be key to India achieving its Sustainable Development Goal (SDG) aspirations, including: 4.1 (ensuring all girls and boys complete free, equitable and quality primary and secondary education), 4.5 (eliminating gender disparities in education), 5.3 (eliminating child marriage), 3.1 (reducing global maternal mortality) and 3.2 (ending preventable deaths of newborns and children under 5 years) (30).
Key strengths of these data include the representativeness of the sample, the robustness of the data and the measures, and the ability to get a range of information from a single survey. However, by analysing the data by caste and by gender, some cells become small, meaning there is a larger amount of uncertainty around the percentages. In addition, the DLHS-IV survey excluded data from eight of the poorest performing States in India (as data from these states was collected using a different survey); exclusion of these states would have resulted in improved levels for some indicators at this time point. As the questionnaires were administered face-to-face, the variables included in our analysis may have been subject to reporting bias, resulting in, for example, under-reporting of child marriage in the household questionnaire, and over-reporting of school retention. Reporting biases may have increased after the introduction of legislation and awareness-raising campaigns regarding these issues among the general population in 2006 and 2009, respectively (22, 23) . The interviewing of ever-married girls and women for the women's questionnaire nec-essarily skews our comparison group, meaning we could only compare pregnancy and literacy outcomes among married women aged 19-24 years and not among all women aged 19-24 years. This may have led to underestimates of the impact of child marriage on these outcomes. Ecological analysis of cross-sectional data precludes the ability to make causal inferences.
CONCLUSIONS
Taken together, our analyses suggest that the lack of impact seen in the Samata trial may have been a result of the large secular changes occurring in India during this period. Future trials should assess background trends before investing in a community randomized assessment of project impacts. Unlike the earlier Millennium Development Goals (MDGs), the SDGs include a commitment to "Leave No one Behind," even those who by virtue of intersecting inequalities and stigma are hardest to reach (31) . We recommend that to benefit this group, future efforts should focus explicitly on the most disadvantaged families and start 1-2 years before young girls reach menarche (32) (33) (34) (35) . More broadly to achieve the SDGs, India must shift its focus now from enrolment, to improving the quality of education (12) .
